The objective of this study was to evaluate the effect of reducing the crude protein (CP) with the use of amino acids in diets with the same amount of calories anddifferent levels of soybean oil (SO) for finishing pigs kept in two different ambient temperatures. A total of 120 barrows (initial weight of 68.0±1.9 kg) were utilized for the experiment. The design was of randomized blocks in a 2 × 3 × 2 factorial arrangement (two levels of CP, 16.2 and 13.7%; three levels of SO, 1.5; 3.0 and 4.5%; and two ambient temperatures, 19 and 31 °C), totaling twelve treatments with five replicates for thirty days. The heat reduced feed intake (FI) of the animals, regardless of the levels of CP and SO used, and reduced weight gain (WG) in diets with reduced CP and SO or higher SO. The increased level of CP and SO improved feed conversion (FC) when the animals were kept in thermoneutral environment and given a diet with higher protein content. The reduction in CP increased FI only in the thermoneutral environment. In the heat, WG increased in diets with higher levels of SO, without influencing FC. The manipulation of diet and temperature did not affect most carcass traits. The SO reduced backfat thickness (BT) only in diets with high CP and animals kept in thermoneutral environment. The reduction of CP increased the BT only in diets with high content of SO, both in hot and thermoneutral environments. Heat reduces FI and the inclusion of SO does not improve performance or carcass characteristics in these conditions. The reduction in CP improves WG only in diets with high oil content; however, it increases BT. In thermoneutral environment, increasing the SO is beneficial for performance and carcass characteristics, except when diets with reduced CP are used. The reduction in CP improves performance only in diets with low oil content.
Introduction
In tropical countries, one of the challenges of production is the high temperature and humidity inside the facilities, which limit well-being and high productivity.
Within the wide range of ambient temperature, there is a range in which the body temperature remains constant with minimal effort of thermoregulatory mechanisms, in which there is no sensation of cold or heat for the animals, called "Thermal Comfort Zone" or "Thermoneutral Zone."
When the environmental temperature rises above the upper limit of the Comfort Zone, the thermoregulatory system is activated to maintain thermal equilibrium between the animal and the environment, which represents an extra effort and, consequently, changes in productivity.
Pigs kept in thermo neutral environments tend to express their maximum genetic potential. However, when exposed to heat stress, feed intake, and consequently weight gain and feed efficiency are reduced. The composition and carcass characteristics may also be altered in an attempt to modify the heat load from digestive and metabolic processes.
Pigs living in hot environments present greater body length. According to Noblet et al. (2001) , this represents the adjustment mechanisms that facilitate the heat dissipation through increased body surface area.
Levels of dietary protein, as well as temperature, have been associated with changes in deposition of fat and protein in pig carcass. The use of synthetic amino acids and the addition of oil in the diet formulation also constitute a nutritional alternative used to improve the productivity of pigs housed in high temperature environments, since they result in a smaller increase in calories. This indicates that modulation of the nutritional components of the diet can be a factor that interferes with the performance of pigs when subjected to high temperatures.
The objective of this study was to evaluate the effect of diets with reduced levels of crude protein supplemented with synthetic amino acids, and the addition of oil, on the performance and carcass characteristics of finishing barrows maintained in different ambient temperatures (19 and 31 ºC).
Material and Methods
The experiment was conducted at the Experimental Unit of Pig Metabolism, Department of Animal Science, Universidade Federal de Lavras, between the months of April and November 2010, in Lavras, Minas Gerais, Brazil.
A total of 120 barrows from a commercial strain selected for high lean gain, in the finishing phase, with initial weight of 68.0±1.96 kg and final weight of 95.4±3.60 kg were utilized in this experiment. In order for animals to adapt the to the environment, the experiment was preceded by a preparatory period of five days. Animals were housed in groups of two, in separate pens with bars, with concrete floor and equipped with semi-automatic feeders and adjustable nipple drinkers, located in two air-conditioned rooms, equipped with light bulbs, heaters, fans, humidifiers and dehumidifiers, connected to an automatic control panel located on the outside of the room.
In the environments of high temperature and thermal comfort, the control system was set to maintain the internal temperature of the room at 31 and 19 ºC, respectively. Temperature and relative humidity inside the rooms were monitored three times a day (8:00 a.m., 01:00 p.m. and 06:00 p.m.) throughout the experimental period by means of maximum and minimum thermometer, thermometer of dry bulb and wet bulb and black globe thermometer, kept in the center of the room at half the maximum height of the animal body. The values recorded were then used to calculate the index of black globe temperature and humidity (BGTHI), according to Buffington et al. (1981) , characterizing the thermal environment in which the animals were maintained.
An experimental design in blocks was used (initial weight) in a 2 × 3 × 2 factorial arrangement (two levels of protein -13.7 and 16.2%; three levels of oil -1.5, 3.0 and 4.5%; and two ambient temperatures -19 and 31 ºC), totaling 12 treatments. For the variables of performance, the plot was constituted by the pen with two animals, and for the variables of the carcass, by one animal. The experiment lasted 30 days.
Diets and water were provided to the animals ad libitum. The daily given feed and leftovers were weighed to determine the consumption by pigs per pen. Animals were weighed at the beginning and end of the experiment to determine weight gain and feed conversion.
At the end of the experimental period, animals were fasted (12 hours); one animal per pen was killed by bleeding after electrical stunning. For slaughter, the animal selected was the one showing closer weight to the average in the stall. Later, scalding, depilation, cleaning and gutting were performed.
At the end of the slaughter line, the carcasses were weighed to determine the hot carcass yield. Carcasses were split longitudinally in halves, weighed and then cooled at 1 °C for 24 hours. After this time, the half left carcasses were weighed and then cut at the last rib for exposing the longissimus dorsi muscle and fat to determine loin depth (LD) and backfat thickness (BT), with the aid of a caliper. The yield of chilled carcass (CC), carcass length (CL), ham yield (HY) and loin eye area (LEA) were also evaluated, in accordance with the rules of Associação Brasileira de Criadores de Suínos (ABCS, 1973) . The yield of chilled carcass meat (YCCM) was estimated by analysis of prediction, using the formula proposed by Guidoni (2000) : YCCM = 65.92 -(0.685 × BT) + (0.094 × LD) -(0.026 × HCW)
In which HCW = hot carcass weight. Measurements of loin depth and backfat thickness were taken on the day of the cold carcass weighing. Afterwards, the loin eye area (LEA) and fat area (FA) were calculated. The meat:fat ratio was determined using LEA:FA, according to Bridi & Silva (2007) .
The experimental diets had the same amount of calories and were formulated based on corn and soybean meal supplemented with vitamins, minerals and amino acids ( Table 1 ). The minimum recommendations were met according to the strain.
The data were subjected to analysis of variance after testing for normality (Shapiro Wilk), and the means were obtained with the type of environment, protein levels were compared by F test and oil levels, by regression analysis. In the case of quadratic regression, the Student Newman Keuls test at 5% was used. For the backfat thickness variables, lean:fat ratio and loss by cooling, the square root of the data was used as a processing option. All statistical analyses were performed using the statistical software SISVAR 
Results and Discussion
In the thermoneutral environment, ambient temperature and BGTHI were 19.5±0.4 and 69.5±0.8 ºC, respectively, similar to the thermal comfort conditions for finishing pigs established by Kiefer et al. (2010) .
In the heat stress environment, the average air temperature was 31.8±2.0 °C, and black globe temperature was 32.2±2.2 °C. The BGT was calculated at 82.7±2.8, similar to that observed by Orlando et al. (2007) for pigs kept under high environmental temperatures.
There was interaction (P<0.05) between the levels of protein, oil and ambient temperature in all performance variables analyzed ( Table 2 ). The reduction of crude protein in the diet increased (P<0.05) the consumption for all animals kept in thermoneutral environment, while in animals kept in hot environment, the same result was observed only in those fed higher level of oil (4.5%) in the diet. This result may be related to a greater caloric increase in diets with greater protein or to the deficiency of non-essential amino acids in diets with reduced crude protein, although the reduction of this nutrient in four percentage units with the inclusion of amino acids did not affect intake in most studies found in the literature (Zangeronimo et al., 2006) .
The hot environment, in general, reduced consumption (P<0.05) in approximately 10% over the thermoneutral environment, which can be explained by the need to reduce the heat associated with the body ingestion, digestion, absorption and metabolism of nutrients (Forbes, 1995) . Similar results were found by Manno et al. (2006) and Kiefer et al. (2010) . According to Kipper et al. (2009) , from 25 °C, for each increase of 1 °C at ambient temperature, there is a reduction of 53 g daily feed intake. In this study, the temperature increase from 19.5 to 31.8 °C reduced intake in approximately 280 g, equivalent to 23 g for each °C. In relation to the average daily weight gain, the ambient temperature reduced its value (P<0.05) only in animals that received the lowest levels of crude protein and oil in the diets and also in those which received the greatest level of oil, regardless of the level of crude protein in the diet. This result may be related to the lower caloric increment generated for diets with low nutrient content (low protein or oil) and the input of oil in the digestibility of the proteins, in which, according to Almeida et al. (2007) , there is a positive correlation between these nutrients. In this case, it is the higher heat release brought about by this increase in digestibility for having influenced weight gain in animals maintained in a hot environment.
The oil level increased (P<0.05) weight gain of animals kept in thermoneutral environment linearly only when the diets used did not have reduced crude protein. However, this effect is not observed in animals under a hot environment.
This result is according to Wolp (2010), who observed that pigs kept in thermoneutral environment (24 °C) fed diets with 4.5% oil showed greater weight gain when compared with the use of diets with 1.5% oil. According to Almeida et al. (2007) , the inclusion of oil in the diet increases the availability of amino acids from the crude protein diets. In the case of low crude protein diets, as in this experiment, this effect is not reflected in the weight gain increase. Moreover, in the warm environment, the reduction in intake might also have influenced these results.
In the thermoneutral environment, it was observed that the decrease in crude protein in the diet increased (P<0.05) the weight gain of animals only when diets with low oil content (1.5%) were used. Similar result was observed by Ferreira et al. (2005) , working with growing barrows fed diets with 1% oil. Moreover, Orlando et al. (2006) , working with diets containing oil levels ranging from 2.7 to 7.6% and Vidal et al. (2010) with 0.26% oil in the diet, did not observe any influence of dietary crude protein levels on the weight gain of animals, similar to the results obtained in this study.
On the other hand, under heat, reducing crude protein enhanced (P<0.05) weight gain when the animals were fed diets with the highest level of oil. In this case, the higher consumption in the diets with 13.7% crude protein and 4.5% oil for animals in the heat may have influenced these results.
Feed conversion was not affected (P>0.05), in general, by temperature; however, the levels of crude protein and oil acted differently in each environment. In the thermoneutral environment, a linear effect (y = 3.0799 to 0.0556 x) of the oil levels was observed in animals fed diets containing 16.2% crude protein, but this was not observed in diets with reduced crude protein or animals kept in a warm environment. This result in a thermoneutral environment can also be related to the oil extra caloric effect influencing the digestibility of dietary protein and the better utilization of amino acids. In the case of diets with reduced crude protein, this effect cannot be shown due to a greater amount of free amino acids and a lower protein diet, while in the warm environment, the lower feed intake may have limited this effect. Spencer et al. (2005) found improvement in feed conversion of animals kept in the heat when receiving diets with 8% of soybean oil. According to the authors, this is due to the lowest caloric increment generated by the oil in the diets. This result could not be observed in this study due to the lower level of this ingredient used in the experimental diets.
It was also observed that animals kept in thermoneutral environment and which received higher levels of crude protein and 1.5% oil had a poorer feed conversion than those kept in a hot environment. This is due to higher feed intake and lower weight gain in animals maintained under comfortable environment. Manno et al. (2006) also verified that pigs that received 0.8% of soybean oil in the diet, kept in a hot environment, showed better feed efficiency than those kept in thermal comfort.
The reduction in crude protein from 16.2 to 13.7% with the addition of crystalline amino acids improved (P<0.05) feed conversion in diets containing low levels of oil in the thermoneutral environment, but there was no influence (P>0.05) when this ingredient was increased. This result may be related to reduction of caloric increment promoted by increase in the oil content or reduction of crude protein. The same effect cannot be observed in the warm environment. In this case, the lower intake promoted by the heat, regardless of the diet, can reduce the quantity of heat generated during the digestion process by itself. Vidal et al. (2010) found a quadratic effect of levels of crude protein on the feed conversion of finishing pigs fed 0.26% soybean oil. Moreover, Ferreira et al. (2005) found no difference in feed conversion by reducing the dietary protein from 17 to 13% in 1.0% of soybean oil to growing crossbred pigs. This result can, however, be related to the age and genetics of the animals used.
With respect to carcass traits, there was interaction (P<0.05) between protein, oil and ambient temperature only in backfat thickness (Table 3) . There was no effect (P>0.05) of these variables in the carcass yield, loin eye area, carcass meat yield and meat:fat ratio. Ambient temperature influenced only (P<0.05) loss by cooling. Orlando et al. (2007) and Trindade Neto et al. (2008) found no effect of reduced crude protein on carcass characteristics of finishing pigs kept under heat stress and/ or thermoneutral environment, respectively. Moreover, Kerr et al. (1995) and Tuitoek et al. (1997) reported that reducing the level of crude protein in the diet increased the amount of energy available for tissue deposition and favored the production of fatter carcasses at slaughter. In the present study, effect of crude protein only occurred (P<0.05) in diets with 4.5% oil, regardless of the temperature. These results were similar to Spencer et al. (2005) , who observed higher fat thickness in animals fed diets containing lower crude protein and higher inclusion level of soybean oil. These results may be related to the higher value of net energy provided by low crude protein diets containing amino acid addition, coupled with the effect of extra caloric oil. According to Le Bellego et al. (2002) , decrease in protein with amino acid supplementation increases body fat due to lower energy expenditure for the metabolism of these amino acids (lower calorific increase) and, consequently, increased release of available net energy which is deposited in the form of fat. Another likely explanation is related to the protein synthesis, once, in certain situations in which there is a reduction in the protein level of the diet, other amino acids such as isoleucine and valine can become limiting (Figueroa et al., 2002) and thus limit protein synthesis and direct nutrients to the synthesis of lipids.
The inclusion of oil in diets containing 16.2% crude protein decreased backfat thickness linearly (P<0.05). This result may be related to improvement in the digestibility of crude protein, releasing more amino acids for protein deposition at the expense of fat (Albin et al., 2001) . In the case of hot environment, the lower intake made possible by these conditions might have attenuated this effect.
In the present study, the hot environment generating carcasses with less loss by cooling, regardless of the levels of protein and oil studied, was observed. These results were similar to Lebret et al. (2006) , who found lower losses by cooling the carcass of pigs kept under environmental stress. This result suggests that pigs exposed to heat stress for a long time may show changes of carcass traits. Even so, the percentage of loss by cooling is within the normal range, which is 1.8 to 3.5% (Ashrae, 2001).
Conclusions
In thermoneutral environment, the inclusion of soybean oil at 4.5% in diets with the same amount of energy for finishing pigs is viable, except when diets with reduced crude protein supplemented with amino acids are used. On the other hand, reduction in crude protein shows positive results only in diets with low oil content. The hot environment is detrimental to performance and the inclusion of oil at 4.5% does not mitigate this problem.
The reduction of crude protein shows positive results only in diets containing high oil content, although it increases the backfat thickness. The use of modified diets in both thermoneutral and heat does not affect other quantitative carcass traits of barrows from 70 to 100 kg.
